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Abstract (English) 
Abstract 
The experiment was carried out in The Faculty of Agriculture (University of 
Khartoum).Four types of plants which are known to be tolerant to saline water 
were selected for this study: Chloris gayana, Cyampsis tetragonoloba,, Eragrostis 
tef (tremula) and Sorghum bicolor.                                                                         
Two experiments were carried out; the first a laboratory experiment to test the 
effect of salinity on seed germination and the second a pot experiment for studying 
the effect of salinity on plant growth tolerant to salinity. For studying germination, 
filter papers on Petri dishes were wetted by Red Sea water mixed with freshwater 
at different EC levels ranging from 0.4 to 16.57 dSm-1. The dishes were arranged 
in completely randomized deign (CRD).For the pot experiment the completely 
randomized deign (CRD) was chosen also for the study of the effect of salinity of 
irrigation water on plants growth for the period (February2007 to May 2007).         
Different levels of mixed water were chosen with loamy sand soil; each treatment 
                                                                                    was replicated four times.  
    The germination test experiment showed that seeds germinated at mixed water 
levels having EC 16.57 dSm-1, 16.57 dSm-1,5.54 dSm-1 and 5.54 dSm-1 for 
Sorghum bicolor, Cyamopsis tetragonolob, Eragrostis tef and Chloris gayana 
respectively. The pot experiment showed that the plants grew satisfactorily up to 
EC 16.57 dSm-1, 16.57,5.54 dSm-1 and 5.54 dSm-1 for Chloris gayana, Eragrostis 
tef  and Sorghum bicolor  respectively, but Cyamopsis tetragonoloba failed at EC 
3.09 dSm-1. It has been found that plant seed germination and plant   growth highly 
significant difference (p> 0.01) decreased with increased Red Sea water in the 
irrigation water depending on the type of plant. 
                                                   This study recommended blending Rea Sea water 
with freshwater for irrigation of some plants of forage crops on the coarse-textured 
soils near Red Sea coastal basin.                                                                         
Abstract (Arabic) 
iiix 
 ﺒﺤﺚﻣﻮﺟﺰ اﻟ
 ﻤﺘﺤﻤﻠـﺔ  ﺃﻨﻭﺍﻉ ﻤﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺍﻟ ﺍﺭﺒﻌﺔﻴﺔ ﺍﻟﺯﺭﺍﻋﺔﺒﺄﺨﺘﻴﺎﺭ ﻜﻠ–ﺃﺠﺭﻴﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺒﺠﺎﻤﻌﺔ ﺍﻟﺨﺭﻁﻭﻡ 
  .،ﺍﻟﺭﻭﺩﺱ ﻭﺍﻟﺘﻴﻑﺍﻟﺭﻓﻴﻌﺔﻘﻭﺍﺭ،ﺍﻟﺫﺭﺓﻭﺤﺔ ﻭﻫﻲ ﺍﻟﻟﻠﻤﻴﺎﻩ ﺸﺩﻴﺩﺓ ﺍﻟﻤﻠ
ﻰ ﺍﻹﻨﺒـﺎﺕ  ﻠ  ـﻭﺤـﺔ  ﻋ ﻠﺘﺠﺭﺒﺔ ﻤﻌﻤﻠﻴﺔ ﻻﺨﺘﺒﺎﺭ ﺘـﺄﺜﻴﺭ ﺍﻟﻤ : ﻥ ﺘﺎﻟﻬﺫﺍ ﺍﻟﻐﺭﺽ ﺼﻤﻤﺕ ﺘﺠﺭﺒ ﻭ
  ﺍﻟﻘﻁـﻊ  ﺍﻟﻁﺭﻴﻘـﺔ ﺃﺘﺒﻌﺕ. ﺍﻟﻨﺒﺎﺘﺎﺕ ﻭﻻﺨﺘﺒﺎﺭ ﻨﻤ ( 7002 ﺍﻟﻲ ﻤﺎﻴﻭ 7002ﺒﺭﺍﻴﺭﻓ)ﻭﺘﺠﺭﺒﺔ ﺤﻘﻠﻴﺔ 
ﺤﻴﺙ ﻭﻀﻌﺕ ﺒﺫﻭﺭ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻰ ﺍﻁﺒﺎﻕ ﺯﺠﺎﺠﻴـﺔ  ،ﺍﻟﻌﺸﻭﺍﺌﻴﺔ ﺍﻟﻜﺎﻤﻠﺔ  ﻟﺘﺠﺭﺒﺔ ﺍﺨﺘﺒﺎﺭ ﺍﻹﻨﺒﺎﺕ 
ﺘﺤﺘﻭﻯ ﻋﻠﻰ ﺃﻭﺭﺍﻕ ﺘﺭﺸﻴﺢ ﻤﺒﻠﻠﺔ ﺒﻤﻴﺎﻩ ﺍﻟﺒﺤﺭ ﺍﻟﻤﻤﺯﻭﺠﺔ ﺒﻤﻴﺎﻩ ﻋﺫﺒﺔ ﺒﻤﻭﺴﺘﻭﻴﺎﺕ ﻤﻠﺤﻴﺔ ﻤﺨﺘﻠﻔﺔ 
 ﻭﺇﻨﺘﺎﺝ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﺍﻟﺘﺭﺒـﺔ ﻭ ﻨﻤ ﻻﺨﺘﺒﺎﺭﻭ.ﻡ/ ﺩﻴﺴﻴﺴﻤﻨﺯ 75.61ﺍﻟﻰ– 4.0ﺍﻟﺘﺭﻜﻴﺯ ﺘﺘﺭﺍﻭﺡ ﺒﻴﻥ 
 ﺭﻭﻴﺕ ﺒﻤﻴﺎﻩ ﺍﻟﺒﺤﺭ ﺍﻟﻤﺨﻠﻭﻁﺔ  ﺍﻴﻀﺎ  ﺍﻟﻜﺎﻤﻠﺔ ﻌﺸﻭﺍﺌﻴﺔﺠﻬﺯﺕ ﻗﺼﺎﺭﻯ ﺼﻤﻤﺕ ﺒﻁﺭﻴﻘﺔ ﺍﻟﻘﻁﻊ ﺍﻟ 
 ﺍﻟﺘﺭﺒـﺔ ﻭﺍﺨﺘﻴـﺭ ﻟـﺫﻟﻙ ﻡ / ﺩﻴﺴﻴﺴﻤﻨﺯ 75.61 ﺍﻟﻰ 4.0ﺒﻤﺴﺘﻭﻴﺎﺕ ﻤﻠﺤﻴﺔ ﻴﺘﺭﺍﻭﺡ ﺘﺭﻜﻴﺯﻫﺎ ﺒﻴﻥ 
  . ﻤﻜﺭﺭﺍﺕﺍﺭﺒﻌﺔ ﻓﻲ ﻜل ﻤﻌﺎﻤﻠﺔ ﻭﺯﻋﺕ ،ﻴﺔﻴﺍﻟﻁﻤ ﺭﻤﻠﻴﺔﺍﻟ
 ﻋﻨﺩ ﻤﺴﺘﻭﻴﺎﺕ ﻤﻴﺎﻩ ﺒﺤﺭ ﻤﺨﻠﻭﻁﺔ ﺒﻤﻴـﺎﻩ ﻴﻤﻜﻥ ﺃﻥ ﺘﻨﺒﺕ  ﺕﺎﺠﺭﺒﺔ ﺍﻥ ﺒﺫﻭﺭ ﺍﻟﻨﺒﺎﺘ  ﺍﻟﺘ ﺩﻟﺕ ﻨﺘﺎﺌﺞ 
ﺭﻭﺩﺱ  ﺍﻟ ﻘﻭﺍﺭ،ﺍﻟ، ﺫﺭﺓ ﺫﻟﻙ ﻟﻠ ،ﻡ/ﺩﻴﺴﻴﺴﻤﻨﺯ45.5 ، 45.5  ،75.61، 75.61 ﻴﺼل ﺘﺭﻜﻴﺯﻫﺎ ﻋﺫﺒﺔ 
  . ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻰﻭﺍﻟﺘﻴﻑ
 ﺠﻴـﺩﺍ ﻋﻨـﺩ ﻤـﺴﺘﻭﻴﺎﺕ ﻤﻴـﺎﻩ ﻤﺨﻠﻭﻁـﺔ ﻭ ﻨﻤـﻭﺍ ﻓﻰ ﺘﺠﺭﺒﺔ ﺍﻟﻘﺼﺎﺭﻯ ﻭﺠﺩ ﺃﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺘﻨﻤ 
 ﻋﻠـﻰ   ﺍﻟﺭﻓﻴﻌـﺔ ﺘﻴﻑ ﻭﺍﻟﺫﺭﺓ ﺍﻟ، ﺭﻭﺩﺱ ﻭﺫﻟﻙ ﻟﻠ ﻡ/ﺩﻴﺴﻴﺴﻤﻨﺯ 45.5ﻭ 75.61,75.61ﺘﺭﻜﻴﺯﺍﺕﺒ
  .ﻡ/ﺩﻴﺴﻴﺴﻤﻨﺯ90.3ﻤﻭﺕ ﺘﻤﺎﻤﺎ ﻋﻨﺩ ﻤﺴﺘﻭﻯ ﻤﻠﻭﺤﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﺨﻠﻭﻁﺔ ﻴ ﻘﻭﺍﺭﺎﺕ ﺍﻟﻭﺍﻥ ﻨﺒ، ﻭﺍﻟﻰﺍﻟﺘ
 ﻭﻴﻌﺘﻤـﺩ ﺍﻟﻨﺒﺎﺘـﺎﺕ ﻨﻤﻭ ل ﺅﺨﺭ ﻨﺴﺒﺔ ﺍﻷﻨﺒﺎﺕ ﻭﺘﻘ ﻟﻭﺤﻅ ﺃﻥ ﺯﻴﺎﺩﺓ ﻤﻌﺩل ﻤﻴﺎﻩ ﺍﻟﺒﺤﺭ ﺍﻟﻤﺨﻠﻭﻁﺔ ﺘ 
  .(10.0 >P)ﻌﻨﻭﻯ ﻜﺒﻴﺭ ﻭﺫﻟﻙ ﺒﺎﺨﺘﻼﻑ ﻤﻋﻠﻲ ﻨﻭﻉ ﺍﻟﻨﺒﺎﺕ 
ﺃﻭﺼﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻤﻴﺎﻩ ﺍﻟﺒﺤﺭ ﺍﻟﻤﺨﻠﻭﻁﺔ ﻹﻨﺘﺎﺝ ﺒﻌﺽ ﻤﺤﺎﺼﻴل ﺍﻟﻌﻠﻑ 
ﺍﻟﺭﻤﻠﻴﺔ ﺍﻟﻁﻤﻴﻴﺔ ﺍﻟﻤﺘﻭﻓﺭﺓ ﻋﻠﻰ ﺴﻭﺍﺤل  ﺔﺕ  ﻜﺫﻟﻙ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﺘﺭﺒﺼﻭ ﻭﺃﺌﻴﺔﺍﻟﻐﺫﺍﻭﺍﻟﻤﺤﺎﺼﻴل 
  .ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ
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CHAPTER ONE 
INTRODUCTION 
              In view of the increasing pressure of the population throughout the world, 
particularly in developing countries, plant breeders and geneticist are obliged to look 
for ways and means to harvest handful grains from the derelict lands. To peruse the 
breeding efforts effectively an understanding of the physiological and molecular bases 
of stress tolerance may provoke more active research through the collaborative efforts 
of plant breeders, physiologist and molecular biologist. Future work should include 
more emphasis on the engineering of metabolic pathways into crop plants, and the 
development of transgenic plants useful in conventional breeding programmes. The 
use of transgenic plants would not only be a step forward towards improving stress 
tolerance in crop plants, but their use in physiological studies would also add to the 
knowledge about the mechanisms controlling responses to stresses due to different 
causes . The importance of vegetation cover either natural or cultivated in the   
peoples,    socioeconomic political live is a very vital issue. Degradation of vegetation 
cover affects social, ecological aspects. Lack of vegetation cover due to irregular 
rainfall, mismanagement of natural resources and changing the use types without 
being aware of the fragile properties, accelerate the degradation of the vegetation 
cover and increase the poverty condition of local communities living in these areas. 
Improper use of vegetation cover has resulted in severe environmental problems, 
including increased desertification degradation.  Degradation of vegetation is now 
resulted in severe environmental problems including desertification, global warming, 
climate change and biodiversity. 
Reversing the process of land degradation in these environments poses challenges. 
Innovative, participatory community-based approaches and sound practices are 
needed to better manage the natural resources, especially the limited water resources 
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and vegetative cover, in order to halt and/or reverse the degradation. These include 
the appropriate rainwater harvesting techniques and drought tolerant range plant 
species that will mitigate the effect of drought. Overgrazing aggravates the situation. 
A consecutive drought over the years has almost eliminated the annual plant species 
from lands and badly affected the survival of perennial range species. The 
introduction of appropriate grazing management laws together with rehabilitation of 
rangeland by reseeding supported by use of saline water mixed with fresh water, 
establishing plants that may endure the level of high salinity. This may guarantee 
these plants would contribute significantly to halt and reverse the land degradation 
and improve the carrying capacity of the rangeland. Opportunities exist to develop 
alternative income–generating enterprises; for instance, fruit trees plantation at 
suitable location with use of water harvesting will reduce the pressure on grazing 
resources. The prevailing condition of rangeland in the Red Sea State are relatively 
favorable and posses high potential for improvement. The area faces drier 
environment. Range is the only major land use of these areas due to low rainfall and 
grazing pressure. 
The contribution of most of the vegetation covering the area is poor as source of 
income .The land seriously degraded, however, reasonable potential for improvement 
exist that could be realized through appropriate intervention of water management, 
cultivation of plants that tolerate high salinity like Chloris gayana ,Cyamopsis 
tetragonoloba, Eragrostis.tef(zucc)Trotter and Sorghum bicolor.   The Red Sea State 
faces a number of major environmental issues. The scarcities of water, land and 
vegetation degradation are the most pressing issues. Recently marginal lands and 
some rangelands were put under cultivation to increase food supply. Desertification 
and overgrazing led to the deterioration of natural vegetation cover and accelerated 
desertification, collecting and uprooting woody species for fuel, ploughing and 
mismanagement of water resources are the principle cause of rangeland vegetation 
  
 
- 3 -
degradation, as result desirable range species have been slowly disappearing.  More of 
grazing land in Red Sea State deteriorated as a result of overgrazing, the gathering of 
woody plants, dry farming, and the over stocking of sheep beyond the range carrying 
capacity.  Many arid and semi-arid regions in the world contain soil and water 
resources that are too saline for most of common economic crops (Nerd and 
Pasternak, 1992). The utilization of halophytic plants in pastures and fodder 
production in saline soil is the only economic solution presently available (Yew and 
Flowers, 1980). Some halophytes not only tolerate high level of salinity, but reach 
optimal level of growth under saline conditions (Flowers et al., 1977; Ungar, 1991). 
Vast tracts of arid and semi-arid areas in the world include barren lands due to water 
deficits associated with scanty and uneven distribution of rainfall and dry spells 
following the rainy season are subjected to desertification (Armitage.1984). These 
degraded lands are usually left for pastures but forage productivity of these lands is 
low, unstable and unremunerative. Moreover, there is no pasture management and 
reseeding is rarely done. Palatable plants species are overgrazed even during 
monsoon, invariably leading to acute fodder shortages the part of the year is 
axiomatic that shortages of the fodder can overcome to cretin extent by growing salt 
tolerant, drought resistant and palatable forage grasses. If the saline underground-
water could effectively be utilized for irrigation purposes, this may help solving the 
problem. There is a large body of information available on the tolerance of forage 
grasses to salinity, especially those adapted to water logged saline condition (Russel, 
1976;Mass and   Hoffman,1977;Ahmed and Ismail,1992;TruogaRobert, 1992; Kumer, 
1998; Qureshi, and  Barrett-Lenard,1998).Though the perennial forages are more 
tolerant than annual fodders, it is difficult to draw general conclusions about their 
performance under the simultaneous existence of drought as well as salinity stresses. 
Moreover, the forages must be adapted to other local agro-climatic conditions, 
e.g.high calcareousness of arid soils. Keeping this in view, the performances of the 
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four grasses, which are included in the experiment, are potentially useful as a 
palatable fodder for the livestock, which were evaluated under saline water irrigated 
conditions. Since irrigation with saline water results in the addition of certain salt to 
the soils, salt may gradually accumulate in the root zone to a detrimental level. Thus, 
optimal irrigation with saline waters should entail irrigation schedules to eliminate 
excessive buildup of salinity in soils but at the same time ensure adequate growth. All 
plants are subjected to multitudes of stresses throughout their life cycle depending on 
the species and the source of stress. The plant will respond in different ways. When 
certain tolerance level is reached, the plant will eventually die. The two major 
environmental factors that currently reduce plant productivity are drought and salinity 
(Serrano, 1999), and these stresses cause similar reaction in plant due to water stress. 
These environmental concerns affect plant more than is commonly thought; for 
example, disease and insect loss typically decrease crop yields by less than ten 
percent, but severe environmental problem can be responsible for up to sixty five 
percent reduction in yield (Serrano,1999).There are global constraints on fresh water 
supplies, and these have led to a wave of interest in reusing water(Shannon and 
Grieve,1999). However, in many cases the value of water has decreased because the 
water is salty. Salt stress can be a major challenge to plants. It limits agriculture all 
over the world, particularly on irrigation farmlands (Rausch,1996).To farmer, salt 
tolerance is important in vegetable because of the cash value crops (Shannon and 
Grieve,1999). As more land becomes salinized by poor irrigation practices, the 
importantance of salinity is becoming more important (Winicov, 1998). This is 
necessatates the need for salt tolerant plants. Salinity resistance is a quantitative trait, 
and it has been resistant to plant breeding (Winicov, 1998). 
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The Main objective of this experiment is to study the effect of different ratios of 
mixed seawater and freshwater on the germination and growth of some forage crops . 
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CHAPTER TWO 
Literature review 
 The evolutionary changes in plant population are to be expected, rather inevitably, 
in any situation where stress is occurring consistently (Bradshaw and Hardwick, 
1989). Stress as a constraint and stimulant, apart from affecting the individual, also 
promotes the development of better-adapted genotypes. Several plant species are 
known to have evolved on contaminated soils, and thus developed the potential to 
grow successfully in affected soil, where non-tolerant individuals of the same species 
showed complete death (Bradshaw and McNeilly, 1981). This tolerance is specific to 
the individual material, and is highly heritable (Gartside and McNeilly, 1974 a, b). 
Similarly, there is ample evidence that salinity and drought tolerance in plant have 
also evolved in coastal areas and deserts, and obviously is the product of natural 
selection, and thus these species can grow in saline environments. Such evidence of 
the evolution of stress tolerance suggests that possibility for improving stress 
tolerance in crop cultivars through selection and breeding does exist. This biological 
approach of tailoring the plants through selection and genetic means has received 
considerable attention these days, and a few varieties of different crops with enhanced 
tolerance have been developed and grown successfully under saline and acid soil 
conditions.  
 Desertification is defined as the land degradation in arid, semi-arid and dry sub-
humid areas, resulting from various factors including climate variation, and human 
activities (UNCCD, 1994). About 70 percent of dry lands used for agriculture are 
already degraded. More than 110 countries have land at risk of desertification 
(UNCCD, 2003). 
Large part of the world is covered by arid and semi-arid regions. The main 
characteristics of the arid regions is that they have low erratic rainfall in which during 
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the greater part of the year, precipitation is less than potential evapotranspiration 
(Salih, 1996).  This is the major reason for salinity in arid regions. 
Salinity on the other hand is regarded as one of the main factors that contribute to 
desertification process (FAO and UNEP, 1984). Salinization restricted about the third 
of the world's land and renders about half of the land in semi-arid and coastal regions 
barren and unsuitable for many crop yield (Kozlosk, 1997). Many factors interact 
with salinity and complicate studies on the effects of salinity. For   example humidity,  
 Temperature, light, irrigation and soil fertility all alter the effect of salinity when 
present (Allen et al., 1994). The plants that grow in saline soils have diverse ionic 
compositions and arrange in concentrations of dissolved salts (Volkmare et al., 1998). 
These concentrations fluctuate because of changes in water source, drainage, 
evapotranspiration, and solute availability (Volkmare et al., 1998). Due to varying 
conditions, plant growth depends on a supply of inorganic nutrients, and these levels 
of nutrients vary in time and space (Maathius and Amtmann, 1999). Either extreme 
condition concerning nutrients results in deficiency or toxicity in plants, and this is 
demonstrated by salt tolerance (Maathius and Amtmann, 1999).These conditions vary 
according to plant species and growth condition. Little is known about the genetic 
basis for diversity of salt tolerance in plant and these could be partly explained 
through the definitions given for salinity. 
Saline soils are known to exist everywhere throughout the world, particularly in arid 
and semi-arid regions. The great majority of these areas appear to have been affected 
by excess soluble salts for thousands of years (Peck, 1973). The evidence suggest that 
salinity there results from activities (Jacobsen and Adam, 1958), and/or from 
environmental problems (Reeve and Fireman, 1967) 
Salinity in agricultural land is usually confined to arid and semi-arid regions where 
rainfall is not adequate to leach salts from the plant root zone (Al-Jaloud and Hussain, 
2004). Salinity has been shown to affect the time and rate of germination, the size of 
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plant, branching, leaf size, and the overall plant anatomy (Poljakoff-Mayber and 
Gale1;975). Plants in natural environment are being exposed to increasing amount of 
salinity. One-third of the land being irrigated worldwide is affected by salinity, but 
salinity also occurs in non-irrigated land (Allen et al.,1994). There are large areas in 
primary salinity, but secondary salinity can be detected within one hundred years of 
settlement on an area of land. Drought and salinity are connected because, in many 
regions, raising plants requires irrigation.  
          Irrigation water contains some of the minerals including calcium, magnesium, 
and sodium (Serrano et al., 1999). As the water evaporates and transpires, leaving 
sodium dominant in the soil (Serrano et al., 1999). At low salt concentrations, yields 
are mildly affected or not at all (Maggio et al., 2001). As the concentrations increase, 
yields move toward zero. In fields, the salt levels fluctuate seasonally and spatially, 
and variation will occur due to the circumstances influencing each particular plant. 
The uptake of ground water by plant root can increase the salinity of ground water or 
the soil around the root due to the exclusion of salt (Nikman and Mc Comb, 2001). 
This is compounded by the fact that each species has its own level of salt tolerance. 
Together, it will be a complicated process to match plants with their optimal growing 
conditions 
2.1-Saline soils: 
Saline soils are defined as those having an electrical conductivity of the 
saturation extract (ECe) greater than 4dsm and an exchangeable sodium 
percentage (ESP) less than 15.n the pH of saturated soil paste of non-calcareous 
soil is usually less than 8.5. These soils have good permeability for water 
comparable to normal soil, no dispersion, good aeration, and neutral or near 
neutral pH. The harmful effect on plants is caused by decreasing the osmotic 
potential of soil water, and through toxicity of specific ions mainly 
Na,Cl,B….etc  (Abrol et al. 1998). However, irrigation water having appreciable 
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salt concentration contributes to secondary soil salinity (Dneen1967, 1970). The 
total concentration of soluble salts can be adequately expressed for purposes of 
diagnosis and classification in term of electrical conductivity  
2.2Sodic soils (non-saline alkali soils): 
Non saline-alkali is applied to sodic soils, where the exchangeable sodium 
percentage is greater than 15 and the conductivity of the saturated extract is less 
than 4mmhos/cm at the 25c°. The pH ranges usually between 8.5 and 10. 
The exchangeable sodium percentage is 13. Non-saline-alkali soils my have a 
marked influence on the physical and chemical properties. As the proportion of 
exchangeable sodium increases, the soil tends to become more dispersed. The 
pH reading my increase sometimes to reach as high as 10. The soil solution of 
non-saline-alkali soil, although relatively low in soluble salts, has a 
composition that differs considerably from that of normal and saline soils. 
While the anions present consist mostly of chloride, sulphate and carbonate, 
small amounts of carbonate often occur. At the high pH reading, in presence   
of carbonate ions , calcium and magnesium are precipitated ; hence, the soil 
solution  of non-saline-alkali soils usually contain only small amount of these 
cations. Sodium being the predominant one, large quantities of exchangeable 
and soluble potassium may occur in some of these soils.   
Sodic soils are defined as those whose ESP is greater than 15 and in which the 
conductivity of saturation extract is less than four dsm¯1. The pH of these soils 
usually ranges between 8.5 and 10 due to hydrolysis of adsorbed sodium in 
absence of electrolytes in the soil solution. These soils are dispersed, have poor 
aeration, and permeability of soil to water is therefore restricted.  
         Effect of excess exchangeable sodium on plants is due to nutritional 
imbalance and toxicity of specific ions mainly Na, Co3,   and Mo…etc. On 
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irrigation by sodic water, the soil tend to disperse and become easily puddled 
when wet and form hard surface clods when dry (Doneen, 1967, 1970). 
2.3 Saline sodic soils (saline –alkali soils): 
      The chemical and physical properties of air, soil and nutrients act, in most 
cases, in a multifactor way. In arid and semi-arid zones, this phenomenon is 
most obvious in the development of the problem of soil salinity. Concurrently 
there is an increasing demand for new agriculture land in developing countries 
to feed their rapidly growing populations. Hence, there is an urgent need to 
combat the effects of progressive loss of soil to agriculture through 
Stalinization. Soil salinity may be assessed by measuring total amount of 
exchangeable cations that a soil can retain, designated as cation exchange 
capacity. The soluble cations which give saline soils their characteristics,  
include Na+, K+, Ca2+, Mg2+, and Cl-, SO42-, NO3-, and HCO3-, are the 
predominant anions (Tanji, 1990). Of these chlorides, sulphates, and 
bicarbonates of sodium, calcium, and magnesium are of frequent occurrence in 
saline soils and irrigation water. Saline soils have an electrical conductivity 
(EC) of more than 4 dsm -1  in at least some part of the soil profile within 25 cm 
of the surface; exchangeable sodium percentage (ESP)<15, pH<8.5 . According 
to the presence and concentrations of cations and anions, electrical 
conductivity, and exchangeable sodium percentage, the US salinity laboratory 
Staff (1954) has classified salt-affected soils as, saline (EC>4dsm, ESP<15), 
saline sodic (EC>4dsm-1, ESP>15), and non-saline sodic soils (EC<4 dsm-1, 
ESP>15).    The conductivity of saturation extract of saline sodic soils is greater 
than four dsm¯1 and their ESP is greater than 15.The pH of these soils is 
usually less than 8.5, because of the presence of excess salt, adsorbed sodium 
does not readily hydrolyze (Kamil and Shainberg., 1968). 
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2.4 Red Sea Environment:  
2.4.1 The area: 
The Red Sea is a narrow elongated body of water running NNN-SSE 
(directions) between the landmasses of Africa and Arabia (Morocs, 1970). It 
extends southeast northwest between 12°N, 43°and 30°N, 32°E (Persga, 2001). 
It branches at its northern end into the Gulf of Suez and Agaba while, in the 
south, it meets Gulf of Aden and Indian Ocean (Morocs, 1970). The Red Sea is 
approximately 2000Km long and is about 280Km across at its widest point. It 
has total surface area of 440000Km2 (Persga, 2003). 
2.4.2 Geomorphology: 
The coast of Red Sea extends through a vast area of desert and semi-desert land 
called Tohama (Persga, 2003). Typically bounded by narrow (1-50Km) coast 
strip, backed by high hill which rise to 3000m in some regions (Cox1931; 
Guilcher1955; Allen and Morelly 1970; Brown 1970; and Dobertret 1970),( 
side of Suadia Arabia).  
 Maritime salt marches are chiefly dominated by mangrove species, the most 
important of which are Avicenna, Marina and Rhizophora  Mucronara 
(Chapman 1970). 
2.4.3 Ecosystem: 
The Red Sea is a unique tropical marine system, which is characterized by 
highly diversified rich and varying fauna and flora. This ecosystem is exposed 
to extreme natural influences: intensive sun irradiation, constant hot winds, and 
subsequent highly evapotranspiration with negligible inflow (Abu Gideiri 
1984). Klausewitz(1964) suggested that during its long  period of isolation ,  
the Red Sea must have  dried up sufficiently for its entire previous fauna to 
have been lost .This time of drying may have given rise to the extensive 
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evaporated deposits that provide a potential source of exploitable  mineral 
deposits in the region. 
2.4.4 Climate: 
         2.4.4.1 Wind: 
                          In the northern Red Sea, the prevailing wind direction is NNW 
during winter and southerly winds that blow during summer. In the southern 
Red Sea (south of 20° N) the prevailing wind direction in the summer is 
northerly whilst in the winter is SSE (UNEP, 1985). 
2.4.4.2 Temperature and rainfall: 
The worm east zone of the Red Sea is between 20° N and 16° N. The shores of 
the Gulf of Aden are considered to be among the hottest regions of the world. 
Rainfall throughout the Red Sea is very low and subject to great variations from 
year to year.  
 2.4.5 Salinity: 
Salinity and temperature of water are higher than in other seas of the world 
(Abu Gideiri, 1984). Salinity of 41* 103mg/dm3(64.1 dsm¯1)are common in 
subsurface water at the north end of the Red Sea and these decreases steadily 
to36-37*103mg/dm(56.3-57.8 dsm¯1) in the Gulf of Aden ,because of the 
influence of water exchange in the southern Red Sea and a higher level of fresh 
water input. The salinity, at any latitude, is higher in autumn than spring 
(Morocs, 1970).   
2.4.6 Saline agriculture: 
            Canal irrigation plays a crucial role in agriculture productivity, and the 
need for more irrigation water is becoming inevitable in arid and semi-arid 
areas of the world. The problem of salinization is increasing in areas 
commanded by canal irrigation, because most of the water in the hydrosphere is 
saline. Thus, availability of non-saline water for irrigation is becoming difficult. 
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According to the estimates of FAO and UNESCO, 50% of irrigation schemes 
are salt-affected and about 10 million ha of irrigated land of the world are 
thought to have gone out of cultivation each year due to secondary salinization 
(Szabolcs, 1987). In India, 18-53% of the productive irrigated area has become 
water logged, and 11-38% is saline due to the running of 18-irrigation project 
(Singh, 1992). It is reported that half of the total irrigated land of the world, 
263*106 ha (FAO, 1998), has become salt-affected. With the  rapid population 
growth and increased dependence on irrigation for agricultural production in 
the developing countries of Asia, Africa and Latin America, it appears that 
Stalinization of agricultural land will become a life-threatening problem in 
these parts of the world (Flowers and Yeo, 1995). Secondary salinization in 
irrigated agriculture is increasing rapidly all over the world. This situation 
coupled with fast increase in food demand prompted several attempts to 
alleviate the problem. There has been an  interest in the use of sea water, or 
very saline ground water for irrigation either diluted to stretch the use of the 
scarce fresh water supplies of the saline irrigation water or even using sea water 
have been encouraged (ICBA, 2004). Of the main available means augment  
natural resource of sweet water ,desalting has aroused the greatest interest in 
early years (Macovoy, 1969). There is unquestionable and unlimited supply of 
sea water and the possibility for desalting sea water to large-scale commercial 
agriculture is frequently studied especially in the middle east (Eisenhower, 
1968).  
Although desalting seawater is technically feasible, the cost of the water 
delivered to the land where it can be used is, usually, economically not feasible. 
Klawson et al. (1971) investigated the possibility of irrigation with highly 
saline water, including seawater, and later Mudie (1974) computed the 
economic potential of growing halophytes. 
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2.4.7 Plant tolerance to salinity:  
 Plants differ in their response to excessive salts and to specific ions. In 
addition, crops be sensitive at an early growth stage, may be tolerant during 
another stage, (Carter, 1964). Generally, established plants are usually more 
tolerant to salinity than at germination or early seeding stage (Bernestien., 
1964; AL-Jaloud and Hussain 2004). Salinization results in general delayed 
seed germination (Unger 1991; Zekri, M., 1993 and ELnour et al. 2006). These 
workers found that, high Nacl concentration reduced growth of plant of all 
species, which broadly match result obtained by (Gale et al 1970, Kelly et al, 
1982, Glenn and O, Leary 1984, Gorham., 1996, Harrouni et al., 2001, Daoud 
et al .2001, and Harrouni et al., 2001).  Iranians farmers' application of brackish 
water resulted in decreased relative yields, which decrease with increase of 
water salinities (Alizadeh et al, 2004). 
Studying climatic conditions interaction with salinity, Gale et al., (1970) found 
that plants were taller in humid chamber than in dry chamber. Plant in the dry 
chamber were, however, much leafier than those in the humid chamber, and the 
dry weight ratio of leaves of plant in the dry chamber was greater than that of 
the humid chamber. Meiru and Poljaakoff-Mayber (1970) showed that the leaf 
area of bean plants growing in Nacl salinized substrate decreased, but the 
juvenile the leaf, the less was the effect of salinity. 
2.4.7.1 Cyamopsis tetragonoloba: 
Guar, or clusterbean, (Cyamopsis tetragonoloba (l.) Taub ) is a drought-tolerant 
annual legume that was introduced into the United States from India in 1903. 
Commercial production of guar in the United State began in the early 1950s 
and has been concentrated in northern Texas and southwestern Oklahoma. The 
major world suppliers are India, Pakistan and the United States, with smaller 
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acreages in Australia and Africa. In the early 1980s, Texas growers were 
planting about 100.000 acres annually. They harvested about half of the planted 
acreage and plowed the rest under as green manure. In Asia, guar bean are used 
as vegetable for human consumption, and the crop is also grown for cattle feed 
and as a green manure crop. In the United States, highly refined guar gum is 
used as a stiffener in soft ice cream, a stabilizer for cheeses, instant puddings 
and whipped cream substitutes, and as a meat binder. Growth of Guar is an 
upright, coarse-growing summer annual legume known for its drought 
resistance. Its deep taproots reach moisture deep below the soil surface. Most of 
improved varieties of guar have glabrous (smooth, not hairy) leaves, stems, and 
pods. Plants have single stems, fine branching or basal branching (depending 
on the variety) and grow to be 18 to 40 in. tall. Racemes are distributed on the 
main stem and lateral branches. Pods are generally 12 to 14 cm. long and 
contain 5 to 12 seeds, each seed vary from dull-white to pink to light grey or 
black and range from 900 to 1,600 seeds/oz. Climatic adaptation of guar is that 
it tolerates high temperatures and dry conditions and is adapted to arid and 
semi-arid climates. Optimum temperature for root development is 77 to 95° F.  
When moisture is limited, the plant stops growing but does not die. While 
intermittent growth helps the plant survive drought, it delays maturity. Growing 
season ranges from 60 to 90 days (determinate varieties). Guar responds to 
irrigation during dry periods. It is growing without irrigation in areas with 10 to 
40 in. of annual rainfall. Excessive rain or humidity after maturity causes the 
beans to turn black and shrivel, reducing their quality and marketability. Guar 
can be successfully grown as a green manure crop under these conditions. Guar 
varieties that require a particular day length to flower or day-neutral have been 
described. Considering these high soil temperatures and long growing season, 
successful guar production in Wisconsin and Minnesota is, very unlikely.          
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2.4.7.2 Sorghum bicolor (L) Moench: 
Sorghum belongs to the family Poaceae. Some common names of the species in 
different languages are sorghum in English (United States, Australia), durra in 
Arabic, jowar in India and bachanta in Ethiopia languages. It is an annual  or 
short –term perennial plant;  culms up to 4 m high or more ;panicle 8 to 40 cm 
long,   loose or contracted; sessile spikelets either red or reddish brown, or 
straw colored or yellowish, sometimes flushed with dark red or reddish brown; 
grains predominantly red or reddish brown and taste sweet. There are no 
creeping rhizomes and the mature sessile spikelets are persistent, less than 
twice as long  as wide, not ridged in the middle, 3-4.5 mm wide (Van WYK et 
al, 2000).The bicolor sorghums are characterized by long, clasping glumes at 
least three-fourths as long as the broadly elliptical grain (Van Wyk et al, 2000).  
Main center of distribution of cultivated sorghums is in Africa. It has been 
cultivated in Ethiopia for more than 5000 Years. Cultivated sorghum is also 
possibly developed independently in India and China. Forage sorghums were 
introduced in the United States of America about 1850. Sorghums are now 
widely distributed throughout tropics, subtropics (Australia) and warm 
temperate areas of the world (Duke, 1983). 
Sorghum grows well mostly in an annual rainfall range of 400 to 750 mm. It is 
cultivated in areas that are too dry for maize. The great advantage of sorghum is 
that it can become dormant under adverse conditions and can resume growth 
after relatively severe drought. Shoot removal lowers its capacity to withstand 
drought. Early drought stops growth before floral initiation and the plant 
remains vegetative; it will resume leaf production and flowers when conditions 
become favorable again for growth. Late drought stops leaf development but 
not floral initiation (Wilson and Whiteman, 1965).  It has adapted itself to wide 
range of soils, from the deep sand of the Goz to the heavy black cracking clays 
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of Gadaref, Sudan; Varieties to suit each soil have been selected. Good 
drainage, however, is necessary. Its extensive roots can help extract water from 
deep sources, though not as deep as Pennisetum americanum (pearl millet). It 
can tolerate soil pH ranges between 5 and 8.5. Sorghum bicolor has very low 
ability to spread naturally. It requires full seedbed preparation for good 
performance (Wilson and Whiteman., 1965). In developing countries, the seeds 
are sometimes often planted by hand hoe and covered; the spacing depends on 
expected rainfall. Small hand drills are available as a first step in 
mechanization. Sophisticated grain and fertilizer drills for precision placement 
are used in advanced agriculture (Abusuwar,per. Comm..). Sorghum seeds are 
usually sown at 4 to 5 cm soil depth. The time of sowing is in spring to summer 
after rainfall and soil temperature should be above 18.5 c°; at50 to 60 kg of 
seeds /feddan, depending on soil moisture expectancy, time of sowing and 
density of stand requires. The heavier seeding being  for forage production at 
70 to 80 kg of seeds/feddan in areas with rainfall between 675 and 750 mm 
(Abusuwar,per comm..). Seeds of all sorghum species should be dusted with a 
combined fungicidal / insecticidal dust before planting. Most sorghum plants 
take 90 to 120 days to mature. The boot stage is reached at 50 – 60 days and 
flowering in 60 to 70 days, with full grain maturity in 120 days (Fairbourg et al, 
2000). Sweet forage sorghum withstands over grazing where soil moisture and 
temperature remain adequate and the forage or grass sorghum, such as Sudan 
grass, makes better grazing (Fairbourg et al, 2000). The dry green matter yields 
of sweet sorghum ranges between 3000 – 8000 kg / feddan according to soil 
fertility and rainfall (Abusuwar, per comm.). Though sorghum is used largely 
for forage in the U.S.A., it is very important in the world’s human diet, with 
over 300 million people dependent on it (Bukantis, 1980). It is also grown for 
grain, forage, syrup and sugar, and industrial uses of stems and fibers. Grain 
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sorghum is a staple cereal in hot dry tropics; the threshed grains are ground into 
flour. Stalks are used for animal feed. It is an important summer fodder where 
temperatures are high and rainfall insufficient for corn. Most importantly, it is 
used for silage, green soiling or for hay when grown irrigated in very dry areas. 
Pearled grains are cocked like rice or ground into flour. Sorghum with large 
juicy stems contains as much as 10% sucrose and is used in syrup 
manufacturing; hence, sugar can be manufactured from sorghum. Broomcorn is 
used for making brooms. The seed is used as food, in brewing “Kiffir beer” , 
the Kiffir corn malt and cornmeal is fermented to make  letting  (Asour mach), 
the pith is eaten, and the sweet culm is chewed (Watt and Breyer- Brandwijk., 
1962). Arubans make porridge and muffins from sorghum meal. Parched seeds 
are used as coffee substitutes or adulterants (Morton, 1981). Soil fertility and 
lime requirement of sorghum are somewhat similar to those of corn, although 
sorghums are usually more efficient in their use of soil phosphorus and 
potassium. Balanced fertilization, with ample amounts of nitrogen adequate 
phosphorus and potassium is essential to get high yield. (Yields of 5 to 7 
tons/acre). Sorghum crop will remove about 100 lb N, 40 lb p2o5 and 180 lb 
K2o/acre. Under dry land condition, it is recommended to add about 60 to 120 
lb N/acre; whereas in soils with higher organic matter  content, smaller amount 
of N is required. On sandy soils, it is recommended to apply about 20% of N at 
planting stage and the remainder within 30 days after emergence. When 
sorghum is planted in rows, nitrogen may be side dressed when the crop is 8 to 
16 inches tall. Sorghum seeds are sensitive to fertilizer, therefore for row 
planting, the fertilizer should be placed at 2 inches to the side and at or slightly 
below seed depth. For broadcast stands, the fertilizer should be well 
incorporated into the soil before sowing. Soil pH of 6.0 or higher is adequate 
for sorghum production (Hughe and Metcalfe., 1972). Salinity is the one of the 
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important environmental factors limiting crop production of marginal 
agricultural soils in many parts of the world. Salinity effects on plant include 
ion toxicity, osmotic stress, mineral deficiencies, physiological and biochemical 
disturbances, and combination of these stresses (Munns, 1993, 2002,; 
Neumann, 1997; Yeo, 1998; Hasegawa et al., 2000). Sorghum is moderately 
tolerant to salinity (Maas et al., 1986) and is widely grown in semi-arid areas of 
East Africa. Substantial genotypic differences exist among sorghum cultivars in 
response to salinity (Weimberg et al., 1982).  Classical method of screening for 
salt tolerance are based on yield response and are time consuming and 
expensive measurements of major physiological traits, including 
photosynthesis, can be used to monitor immediately plant responses to salt 
stress (Belkhodja et al.,1994). Salt stress decreases photosynthesis through 
stomatal and non-stomatal factors (Yeo et al., 1985; Sharma and Hall, 1991; 
Dionisio-Sese and Tobita, 2000). The latter are not yet fully understood.       
2.4.7.3Chloris gayana-Kunth:  
Rhodes grass (Chloris gayana) is a widely used forage grass, recognized for 
its salt tolerance (Bogdan, 1969); nevertheless, its yield in saline soils is 
significantly reduced (Pe´reze et al., 1999), owing to reductions in leaf area 
expansion and an increased proportion of dead leaves (De luca et al., 2001). In 
grasses leaf blade growth is restricted to the expanding zone (EZ) in the lamina 
base. Very early in leaf development, the intercalary meristem subdivides into 
two meristem that give rise, first to the lamina and, later, to the sheath (Fricke, 
2002). The profile of growth rates along the blade remains constant during the 
linear phase of the leaf elongation (Muller et al., 2001). Salt-affected 
C.gayana plants has shortened blade growth zones and decreased growth rates 
(Ortega and Taleisnik, 2003). As growth elongation results from irreversible 
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cell enlargement determined by the rate of water uptake and the plastic 
properties of the cell wall that work examines how these aspects are affected by 
salinity in these species.  Salinity and water stress often result in reduced 
hydraulic conductance in plants (Peyrano et al., 1997; Steudle, 2000). When 
this parameter is calculated from growth data, it is suggested to be, among other 
causes, the main reason for reduced leaf expansion in salt-stressed C.gayana 
(Ortega and Taleisnik, 2003). This conclusion seems logical; nevertheless, 
additional information from growth-independent variables is required to 
validate it. Axial hydraulic conductivity can be calculated from the cross-
sectional area of xylem, vessels, and these estimations are consistent with the 
actual measured hydraulic conductivity (Martre et al., 2000). In their work, the 
cross-section of the xylem vessels was used to re-examine the effect of salinity 
of hydraulic conductance in C. gayana.If hydraulic constrain is the main cause 
for salinity-associated leaf growth reduction in C .gayana, it is expected that 
sustained leaf elongation under such conditions would require increased cell 
wall-loosening activities. Conceptually, cell elongation requires a positive 
balance between loosening and tightening of the wall polysaccharide matrix. 
That balance defines region of accelerating and decelerating growth within the 
grass leaf growth zone (Muller et al., 2001), and the resulting typical tailed-bell 
shape of growth rate distribution within it (Volence and Nelson, 1981; 
Bernstein et al., 1993). While the effect of environmental stress on cell wall 
tightening have been the subject of many studies (Gramer and Brown, 1991; 
Botella et al., 1994; Cosgrover, 1997; Pyrano et al., 1997; Wang et al., 1997; 
Ma et al., 2004), information relating salinity and wall loosening mechanisms 
is relatively scarce.  
2.4.7.4 Eragrostis.tef: 
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  Eragrostis.tef is the most important indigenous cereal in Ethiopia. The crop is 
primarily grown for its grain which is used for making the special Ethiopian 
pancake-like bread known as injera , the most popular food in the diet. For 
Ethiopian farmers, tef is the most resilient cereal that grown in diverse agro-
climatic conditions with a low risk of failure, and fetches higher market prices 
than all the other cereals grown in country. The preference of consumers for 
the injera, encouraging farmers to grow it in large areas; close to two million ha 
of land are devoted to its production annually (Tefera et al., 2003). For the last 
four decades or so, research activities on tef have been carried out to generate 
new production technologies, mainly genetically improved varieties. 
2.4.8 Irrigation with saline water:  
Appraisal of quality of irrigation water is an important consideration in any 
irrigated field. High salinity of irrigation water can cause build up of salts in the 
root zone, particularly if the internal drainage of the soil restricted salt leaching. 
Even in adequate quality or quantity of applied fresh irrigation, water can cause 
salt build up in the long term (Abrol et al. 1988). 
Water evaporates in pure state, leaving salt and other substances behind, with in 
3-7 days after irrigation (Peterson et al., 1970). The problem of secondary soil 
salinization becomes more severe with increased salinity of irrigation water. 
Another problem develops when irrigation water contains relatively higher 
concentration of sodium than divalent calcium and magnesium ions, which is 
expressed as sodium absorption ratio (SAR) and is defined by the equation  
             Na 
SAR =             (Ca +Mg) 
                           2   
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With the concentration expressed in mmol(+)dm¯ 3 irrigation water having SAR can 
caused soil sodicity , coupled with high salinity it can make the soil of the saline-
alkali type (Richards et al., 1969). 
2.4.9 Water salinity investigation:  
The quality of irrigation water is judged, not only by the total salts 
concentration, but also by the kind of salts it contains and the individual ions 
involved.  Richards et al.( 1969) placed irrigation water into three broad classes 
based on interaction of total salt concentration and SAR and graded the degree 
of salinity hazard;1-2.5, 2.5-7.5, 7.5-22.5,and>22.5 dsm¯1 is low, medium, 
high, and very high, respectively, and classified SAR (Alkali) hazard;0-10, 10-
18, 18-26, and>26 as low, medium, high, and very high, respectively. 
Also Ayer and Westcot (1985) divided water quality into three degrees of 
severity; less than 0.7 dsm¯ 1 as non severe , 0.7 dsm¯¹ to 3dsm¯1 slightly to 
moderate and greater than 3 as  severe . They classified the specific ion toxicity 
effect on sensitive crops using SAR of surface irrigation water; less than 3 no 
severity, 3 to 9 slightly to moderate and greater than 9 as severe. These 
divisions are somewhat arbitrary since change occurs gradually and there is no 
clear–cut breaking point. Even though they were adopted by Abrol et al. 
(1988), Eton (1949), suggested that water containing carbonate – bicarbonate 
that exceeds the Ca plus Mg results in increasing Na hazard  and defined this as 
residual Sodium carbonate(RSC), defined by the formula;– 
RSC= (Co3+Hco3) – (Ca+Mg).  Wicox et al (1954) found that waters 
containing more than 2.5me/l of RSC are not suitable for irrigation, those 
containing between 1.25 and 2.5 m/l are marginal, and those of less than 1.25 
me/l  are probably safe. 
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2.5 Dealing with saline water 
Water scarcity and implication of population growth are threatening all arid 
regions. Most Arab countries (67%) are receiving rainfall less than 100 mm per 
year. About 15 to 17 million hectares of land per year are not utilized due to 
inadequate water resources (AOAD, 2003).   
An alternative approach for irrigation with saline water is to adopt the system 
commonly used by Iranian farmers, using supplied gannets and water wells 
having EC ranging from<5 to 11.8 dsm1¯ (Ali azadeh et al 2004). Other 
practices of blending fresh water and saline water to keep the salt load in the 
soil within acceptable limits were practiced in Cholistan Desert in Pakistan 
(Kahlown and Akram 2004). Earlier Ahi and Power (1938) grew halophytes 
with dilution of seawater. (Daoud  et al.,2004) has grown eight halophytic 
species on five salinity levels of dilution  of sea water , namely, tap water 
(control), 2-5, 50, and 100%  sea water , the result showed an increase in dry 
weight yield in low and moderate salinity levels. Salinity of seawater exceeds 
the limit tolerated by conventional crop yields. An alternative method is the 
domestication of naturally occurring halophytes having different levels of salt 
tolerance (Glen et al. 1993). 
Use of seawater in agriculture has led to more emphasis on fresh water 
conservation as found in experiment conducted in United Arab Emirates (Riley 
et al 1994). Magbol (2004) has grown Salicornia species using seawater of the 
Arabian Gulf. 
2.6 Soil Texture: 
Irrigation and salt interaction coarse textured soil will allow soil salinity to be 
maintained at acceptable level for higher crops yields, because the process of 
salt accumulation will be significantly lower due to higher water intake rates 
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and salt leaching and the low capacity for salt accumulation (Al-Jaloud and 
Hussein. 2004). In sandy soils , most pores are relatively large, only small 
amount of water is retained, unlike the fine textured soils which will have 
greater water content at a given water suction. The hydraulic conductivity down 
words in sandy soils is greater than that of clay soils (Hillel, 1971) and the 
conductivity decreases concentration of electrolytic solutes especially in fine 
textured soils (Reeve, 1957). Light textured soils having a clay content of less 
than 10% will be suitable for growth of most semi- tolerant and tolerant crops. 
These are expected to have excellent growth on irrigation by water having EC 6 
to eight DSM ¯1 (Bhumbla and Abrol 1972). 
2.7 Drainage: 
Drainage is important to excessive amount of water in the rooting zone and 
removal of excess salts (Richards et al. 1959; Fire man 1957). Irrigation 
without drainage can cause unduly rise of water table (Dutt and Tanli 1962; 
Doneen et al .1967; Al-Jaloud and Hussein., 2004). 
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CHAPTER THREE  
Materials and Methods  
    3-1 Experiment Description 
3-1-1 General 
Two experiments were carried out; the first a laboratory experiment to test the effect 
of salinity on germination and the second was a pot  experiment carried out from 
February to May 2007, for the appraisal of the potential use of mixed Red Sea water 
with fresh water for irrigation. The water was brought from the Red Sea at Port 
Sudan, eastern Sudan.                                                                                           
The experiment location at Shambat, in the Nursery of the Faculty of Agricultural 
                            (University of Khartoum) latitude 150 /14 N, longitudes 320 /32 E.    
3-1-2 Plant Material  
Four types of plants were selected for this study and their seeds were purchased                     
from the local Khartoum market. These were:                
1-  Cyamopsis tetragonoloba,  
2-  Chloris gayana. 
3-  Sorghum bicolor 
     4- Eragrostis tef 
3-1-3 Soil Material  
 The soil that used for the experiment has a good permeability, brought from Western 
Omdurman, namely, loamysand soil (classification). 
Table (3-1) Main physical and chemical properties of the soil used. 
Chemical Properties  Texture Soils Type 
ECe  SAR pH F.C* Sand% Silt% Clay% 
Loamy sand soil 4.36 4.61 7.7 13.6% 82.1 3.1 14.8 
* F.C = Field Capacity 
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3-1-4 Irrigation Water   
Red Sea water was mixed with freshwater (EC 0.4 dsm-1) to attain different levels 
of salinity for irrigation of the selected types of plants at germination in the 
laboratory and at vegetative growth stages in pots. 
The Seawater was analyzed for the main cations, anions, and EC, which can be 
seen in Table (3-2)   
Table (3-2) Main chemical properties of the Red Sea water   
Cations 
(me/L) 
Anions  
(me/L) 
EC 
dSm-1 
Na Ca Mg K T.D.S Cl CO3 HCO3 SO4 
653 28 121 138.1 922.1 835 - 14.7 72.4 
 
57 
3.2 Method and Layout of Experiments   
3-2-1 Germination Test 
Filter papers on Petri dishes were wetted by Red Sea water mixed with freshwater at 
different EC levels. 
The dishes were arranged in a completely randomized deign (CRD) in the  laboratory 
of Desertification and Dessert cultivation Studies Institute, University of Khartoum 
on 21 January 2007.  
The experimental layout of different crops was as follows: 
3-2-1-1Chloris gayana 
Four levels of mixed water, each replicated four times (16 Petri dishes) were laid 
out in a CRD design as follows:- 
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O 3 1 2 
3 2 O 1 
2 O 3 O 
1 1 2 3 
 
Level O = 0:1 (Seawater: Freshwater), EC = 0.4 dsm-1 as Control. 
Level 1 =11:20 (Seawater: Freshwater), EC = 3.095 dsm-1    
Level 2= 1:10 (Seawater: Freshwater), EC = 5.54 dsm-1 
Level 3= 1:2.5 (Seawater: Freshwater), EC = 16.57 dsm-1  
      Each Petri dish contains 10 seeds.  
    3-2-1-2 Sorghum bicolor 
Four levels of mixed water, each replicated four times (16 Petri dishes) were laid 
out in a CRD design as follows:- 
1  1 2 3 
2 3 0 0 
0 0 3 2 
3 2 1 1 
 
Each Petri dish contains five seeds.  
3-2-1-3 Cyamopsis tetragonoloba  
Four levels of mixed water, each replicated four times (16 Petri dishes) were laid 
out in a CRD design as follows:- 
1 1 2 3 
2 3 0 0 
0 0 3 2 
3 2 1 1 
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Each Petri dish contains five seeds.  
3-2-1-4- Eragrostis tef  
Four levels of mixed water, each replicated four times (16 Petri dishes) were laid 
out in a CRD design as follows:-  
2 0 3 1 
0 1 2 3 
1 2 0 2 
3 3 1 0 
 
Each Petri dish contains 50 seeds. 
3-2-2 The pot Experiment  
     A 3.75 kg of the loamy sand soils were placed in any pot, 27 cm in height and 
26cm internal diameter. The soils were packed, by gentle tapping; .This gives a 
dry soil bulk density of approximately 1.7g cm-3. The top 7 cm of pots were left for 
irrigation water. Sixteen such pots were prepared for loamy sand the experimental 
treatments; namely, four water treatments х 4replicates. The pots were arranged in 
a complete randomize design in the Nursery of the Faculty of Agriculture, 
University of Khartoum. There were four levels of treatments to investigate the 
effect of irrigation water salinity on the growth of Cyamopsis tetragonoloba, 
Chloris gayana, Sorghum bicolor and Eragrostis tef. Ten seeds of Cyamopsis 
tetragonoloba , 15 seeds of Chloris gayana, 10 Seeds of Sorghum bicolor and 20 
seeds of Eragrostis tef were sown in each pot and each was irrigated during the 
first week of germination by a mixture 0:0.4 (Sea water: Freshwater) having EC = 
4 dSm-1  . The EC in mSm-1 of irrigation water treatments were the control = 0.4 
dSm-1 and saline water of EC ranging between 3.09 to 16.57 dSm-1.   All plants 
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were sown at one time, and after 45thday, using waters of different salinities was 
imposed. The irrigation interval chosen was 24 hours:-                                        
   The irrigation water quantity used every 24 hours was 1.5litre to meet                                  
plants needs .The experiment was carried out on the first of Febraury2007.   
3-3 Data collection and Assessment Methods 
3-3-1 Germination Test  
Number of germinated seeds was counted for four types of plants every 24 hours, and 
the germination percent was computed by the following formula:- 
.   100     х of seeds germinated. No       =   percentageGermination  
                                   Total No. of seeds in Petri dishes 
3-3-2 Methods of studying height (cm). 
Five randomly selected plants from each pot were weekly measured to obtain height 
of plants from soil level to the tip of the plant.  
Mean height was measured by the following formula:- 
.  )cm(lants p5 of  Total of heights )   =    cm(  Mean height  
                                                               5   
3-3-3 Plant density, number of leaves per plant and shoot/root ratio: 
The number of plants in the pot was counted  every week .The number of leaves in 
the plants was also counted  every week and shoot /root ratio  was calculated after 
drying in oven at 48hours.   
3-3-3 Water Analysis 
The electrical conductivity of mixed Red Sea water and freshwater was measured 
according to the formula given by Richards.et al., (1969) as follows 
.FV F EC +SV S  EC = MCE                        
                                      VS + VF                    Where:- 
 
  
 
- 30 -
ECM = EC of mixed Seawater with freshwater 
VS and ECS = Volume and Electrical conductivity of Seawater. 
VF and ECF = Volume and Electrical conductivity of Freshwater 
3-3-4 Statistical Analysis 
SAS System was used for comparing the effects of salinity of mixed waters and seed 
germination using CRD statistical design and the effects of water on plants growth in 
soils using the CRD. 
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CHAPTER FOUR  
Results  
4.1 Germination Test 
4-1-1-Chloris gayana  
      The germination test experiment showed that Chloris gayana seeds germinated at 
water EC up to 5.54 dSm-1 (1:10 Seawater: Freshwater- level 2), .but failed at EC 
16:57 dSm-1 (level 3). Statistical analysis showed no significant differences (P < 0.01) 
between level 0 and level 3 as shown in Table4-1 and Fig.4-1. The percent 
germination of Chloris gayana was higher (28.58%) in the fresh water treatment 
throughout the experimental period compared to the different levels of salinity used.. 
Level 2 (EC= 5054) outnumbered other treatments including the control as time 
advanced (after 168 hrs up to 216 hrs).                                                                     
Table (4-1): Salinity effect of mixed Red Seawater- Freshwater through time (Hours from 
Sowing) and germination% of Chloris gayana seeds (25 C0) 
216hr   192hr   168hr   144hr   120hr   96hr   72hr Treatments  
46.43  46.43  46.43  46.43  35.71  28.58  28.58  Level 0 
57.14  50.0  50.0  28.57  7.14  7.14  3.57  Level 1  
35.71  35.71  35.71  25   10.71  3.57  3.57  Level 2  
0  0  0  0  0  0  0  Level 3  
46.43  44.05  44.05  33.33        17.86  13.10  11.90  Mean 
0.25  0.43  0.66  0.21  0.21  0.59  0.46  Prob 
35.52 35.52 36.33 27.46  27.46 26.25 26.25 LSD 
Level 0 = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1   
Level 1= 1:20 (Seawater: Freshwater), EC = 3.095 dSm-1 
Level 2= 1:10 (Seawater: Freshwater), EC = 5.54 dSm-1 
  dSm-157Level 3 =1:2.5 (Seawater: Freshwater), EC= 16.  
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Fig (4-1 ):Salinity Effect of Mixed Red Seawater-Freshwater through 
Time(Hours from sowing) and Germination % of Chloris gayana  seeds
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4-1-2-Sorghum bicolor 
    The germination test showed that Sorghum bicolor seeds germinated at  all 
levels of salinity except the higher level (level 3 ) after 24 hrs from sowing. 
Statistical significant differences were recorded between the control ( level 0) and 
the higher level of water salinity (level 3) throughout the experimental period 
except during the final reading ( after 168 hrs) when no significant differences 
were recorded between the different treatments ( Table 4-2 and Fig.4-2). It is worth 
mentioning here that 100% germination of Sorghum bicolor was achieved with the 
fresh water treatment ( the control) ,whereas the maxim germination percent was 
                             obtained by levels 2 and 3 water salinity (95%0) after 168 hrs.     
Table (4-2) Salinity effect of mixed Red Seawater- Freshwater through time 
(Hours from Sowing) and germination% of sorghum bicolor seeds (25 C0)  
168hr   144hr   120hr   96hr   72hr   48hr   24hr Treatment 
100  100  100  100  100  100  90  Level 0  
95  90  90  80  80  75  65  Level  
95  85  75  75  70  70  70  Level 2  
90  60  60  60  60  60  0  Level 3  
92.5  85.0      82.5  78.8  77.5  76.3      75     Mean 
0.02  0.03  0.03  0.04  0.04  0.25  0.08    Prob. 
11.8 22.7 22.7 26.3 26.7 24.8 23.2   LSD 
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Fig(4-2  ):Salinity Effect of Mixed Red Sea water-Freshwater through time 
(Hours from sowing) and the Germination test of Sorghum bicolor    
seeds(25)
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4-1-3 Cyamopsis tetragonoloba 
The germination test showed that Cyamopsis tetragonoloba seeds germinated at 
all levels of treatments except at level 3 of water salinity after 24 hrs (Table 4-3 
and Fig. 4-3). Statistical analysis showed significant differences (P ≤ 0.05) were 
recorded between treatments throughout the experimental period except during 
the first count (after 24 hrs from sowing). Astonishingly, the mixed Seawater with 
fresh water resulted in higher germination percent of Guar compared to fresh 
water   treatment. The percent germination of Cyamopsis tetragonoloba was 
higher than that of Chloris gayana but lower than Sorghum bicolor                    
-  
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Table (4-3) Salinity Effect of Mixed Red Seawater- Freshwater through Time (Hours. 
Sowing) and Germination% of Cyamopsis tetragonoloba Seeds   
168hr.   144hr.   120hr.   96hr.   72hr.   48hr.   24hr. Treat
ment  
60  55  55  55  50  40  30  Level 0
90  80  80  75  70  60  55  Level 1 
85  85  85  85  80  70  40  Level 2 
70  70  70  70  70  70  0  Level 3 
76.3  72.5  72.5  71.3  67.5  60  41.7  Mean 
0.02  0.03  0.03  0.07  0.04  0.03  0.14  Prob. 
17.8 17.2 17.2 18.9 19.9 21.8 25.6 LSD 
Fig.(4-3 ):Salinity Effect of Mixed Red Sea water-Freshwater 
through Time(Huors from sowing) and Germination test of 
Cyamopsis tetragonoloba seeds(25)
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4-1.4 Eragrostis tef  
          The germination test showed that Eragrostis tef seeds germinated at all 
levels  of water salinity but failed at level 3 (EC=16.57 dSm-1). Statistical analysis 
showed highly significant differences (P > 0.01) between level 0 and level 2 at 
168hours and significant differences (P<0.05) after 144hrs from sowing (Table4-
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4and Fig4-4).  When comparing the four forage crops tolerance to salinity during 
germination, it is clear from the Fig.4-5 that the ranking order for salinity tolerance 
was  Eragrostis tef followed by Sorghum, Guar and Chloris gayana being the least 
tolerant crop.                                                                              
Table (4-4) Salinity Effect of Mixed Red Seawater- Freshwater through Time 
(Hours from Sowing) and Germination% of Eragrostis tef Seeds (25 C0) 
168hr   144hr   120hr   96hr  72hr   48hr   24hr Treatment 
100  100  100  99.5  95.5     86.5  78.5  Level 0 
99  96  93.5  89.5  88.5  81.5  72.5  Level 1  
93  92  92  88  81.5  75  68  Level 2  
0  0  0  0  0  0  0  Level 3  
97.33  96  95.17  92..33  88.5  81  73  Mean        
0.006  0.04  0.1891  0.23  0.16  0.24  0.29  Prob. 
3.99 6.03 9.58  15.29 14.94 14.15 14.13 LSD 
  
 
- 37 -
Fig(4-4 ):Salinity Effect of Mixed Red Sea water-Freshwater through Time 
(Huors from sowing) and Germination test of Eragrostis tef(25C)
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The Fig 4-5 shown that the Germination of Eragrostis tef   ,  Cyamopsis 
tetragonoloba,Sorghum bicolor and Chloris gayana 
  
  
  
  
  
  
 
Fig (4-5)Effect of salinity on Germination of Chloris gayana,Sorghum bicolor,Cyamopsis tetragonoloba 
and Eragrostis tef
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4-2 Effect of Treatments on plant height  
4-2-1 Chloris gayana (plant height) 
   The  results showed that Chloris gayana plants grew satisfactorily up to EC 5.54 
dSm-1 (1:10 Seawater: Freshwater), but growth was very poor at 16.57 dSm-1 (1:2.5 
Seawater: Freshwater),  Generally growth in fresh water exceeds significantly (P > 
0.01) that in treatment 1, 2 and 3, but there is  a significant difference between 
level1 and level 2 treatments on 42nd.Day. Statistical analysis showed highly 
significant differences (P > 0.01) between level 0 and 3 of salinity    during the 
course of the experiment except on day 35and 42thday (P < 0.05) (Table (4-5) and 
Fig: (4-6).     Growth showed deterioration at 16.57dSm-1 (1:2 Seawater: 
Freshwater). There are no significant difference (P < 0.01) between level 0 and 
level 1 except in the (35day and 42 day)                                                                  
Table (4-6) Salinity Effect of Mixed Red Seawater- Freshwater on Chloris                    
. gayana plant height (cm) 
42days.   35days.  28days.   21days.  14days.   7days. Treatment  
9.9975  9.69  8.3  7.35  4.45  3.95  Level 0 
15.16825 15.2925  9.55  8.225  6.0  4.2  Level 1  
8.885  6.625  5.65  4.7  3.925  4.35  Level 2  
3.6375  3.25  2.875  2.25  1.875  0.9375  Level 3  
9.422  8.714  6.593  5.631  4.062  3.359   hieght mean 
0.0407  0.2959  0.2082  0.3255  0.2332  0.5875  Prob. 
4.358 3.911 2.769 2.080 2.209 3.042 LSD 
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Fig(4-6 ):Salinity Effect of Mixed Red Sea water-Freshwater on Plant 
height of Chloris gayana Plant
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4-2-2 Sorghum bicolor (plant height)  
      The results showed that Sorghum bicolor plants grew normal in fresh water but 
when imposing salinity water treatments only plants in levels one and three 
survived (Table 4-6 and Fig.4-7) during the first week.                                         
Table (4-7) Salinity Effect of Mixed Red Seawater- Freshwater on Sorghum     
                                                                                         bicolor plant Height (cm).   
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
19.275  19.0  17.95  16.95  14.9  11.5  Level 0 
0  0  0  0  0  30.0125 Level 1  
0  0  0  0  0  24.6  Level 2  
0  0  0  0  0  0  Level 3  
0  0  0  0  0  16.528   height mean 
0  0  0  0  0  0.0170  Prob. 
0 
19.27 
0 
19.0 
0 
17.95 
0 
16.95 
0 
14.9  
11.821 
0 
LSD 
SD 
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Fig (4-7 ):  Salinity effect of Mixed Red Sea water-Freshwater on Sorghum 
bicolor Plant Height(cm)
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4-2-3 Eragrostis tef (plant height) 
    The results showed that Eragrostis tef plants grew satisfactorily up to EC 5.54 
dSm-1 (1:10 Seawater: Freshwater), but growth ceased at 16.57 dSm-1 (1:2.5 
Seawater: Freshwater) on 7 th day and. Generally, growth in fresh water exceeded 
significantly (P > 0.01) that in treatments 1 and 2, but there is no significant 
difference between level 0 and level 1 treatments. Statistical analysis showed there 
is no significant difference (P < 0.01) among different levels of salinity during   the 
course of the experiment (Table 4-8 and Fig4-8).                                                                          
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Table (4-8) Salinity Effect of Mixed Red Seawater- Freshwater on Eragrostis 
tef plant height (cm) 
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
17.375  16.125  14.875  14.645  12.95  10.9  Level 0 
22.875  21.325  18.7825  16.875  14.55  12.9  Level 1  
20.2  17.675  14.3325  10.075  8.0  6.725  Level 2  
0  0  0  0  0  5.75  Level 3  
20.150  18.375  15.996  13.865  11.83 8.916    Height mean 
0.2934  0.3115  0.4848  0.6261  0.4643  0.1263  Prob. 
12.237 10.103 8.358 8.200 6.41 5.672 LSD  
Fig (4-8 ):Salinity effect of Mixed Red Sea water-Freshwater on Eragrostis 
tef plant height(cm)
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 4-2-4 Cyamopsis tetragolnoloba (plant height) 
 Results showed that Cyamopsis tetragonoloba did not tolerate level all levels of 
salinities (Table 4-9 and Fig. 4-9). All plants disappeared when irrigated with 
saline water regardless of the concentration used. 
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Table (4-9) Salinity Effect of Mixed Red Seawater- Freshwater on  
Cyamopsis tetragonoloba plant height (cm)  
42days.   35days.   28days.    21days.  14days.    7days.  Treat
ment  
29.0  26.2  24.7  20.6  17.6  16.4  Level 0
0  0  0  0  0  0  Level 1 
0  0  0  0  0  0  Level 2 
0  0  0  0  0  0  Level 3 
7.25  6.55  6.25  5.7  4.4  4.1  mean  
0.751 0.342 0.8698 0.931  0.432 0.346 SD  
 
Fig(4-9):Salinity effect of Mixed Red Sea water-Freshwater on 
Cyamopsis tetragonoloba plant height (cm)
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4-3-3 Effect of salinity on number of plants per pot  
4-3-3-1Chloris gayana  
     Results showed that Chloris gayana plants decreased with time at all levels of 
salinity, in level 0 the number of plants decreased gradually.  Level 3 has the least 
number of plants. The statistical analysis showed significant differences (P > 0.05) 
in all levels of salinity with respect to number of plants per pot except during the 
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last count (42 days from planting). This significance was between level 0 and level 
3 as shown in Table 4-10 and Fig4-10.   The highest plant density was recorded for 
the fresh water treatment.                   
Table (4-10) Salinity Effect of Mixed Red Seawater- Freshwater on number of 
plants per pot of  Chloris gayana plant  
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
7.5  12.5  13.75  14.5  16.5  16.5  Level 0 
5.75  5.75  6.5  7.0  7.25  8.0  Level 1  
2.5  2.5  2.75  2.75  2.75  2.75  Level 2  
0.5  0.5  0.5  0.5  0.5  0.5  Level 3  
4.062  5.312  5.875  6.187  6.750  6.937    mean 
0.4787  0.2015  0.2960  0.2425  0.4248  0.2060  Prob. 
7.867 8.360 10.766 10.565 13.070 11.678 LSD 
 
Fig (4-10 ):Salinity Effect of Mixed Red Sea water-Freshwate in number of 
plants per pot on Chloris gayana
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4-3-3-2Sorghum bicolor  
 Results showed that  Sorghum bicolor  plants   tolerated the salinity up to  level 2 
but failed in the level 3 .No significant differences between levels 0 , 1 and 2.The 
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only exception was during the last 3 counts (28,35,and 42 days)where significant 
differences were recorded between level 0 and level2 (Table 4-11 and Fig.4-11) 
Table (4-11) Salinity Effect of Mixed Red Seawater- Freshwater on number of 
plants per pot of Sorghum bicolor plant  
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
8.5  8.5  8.5  8.5  8.75  8.75  Level 0 
6.5  7.25  7.5  8.0  8.75  8.75  Level 1  
2.5  2.75  3.75  5.25  8.0  8.0  Level 2  
0  0  0  0  0  0  Level 3  
4.375  4.625  4.937  5.437  6.375  6.375    mean 
2.666  2.5292  2.7577  3.188  2.896  2.896  LSD 
0.0020 0.0015 0.0086 0.0955 0.8000 0.8000 Prob 
 
                                                            
Fig(4-11 ):Salinity Effect of Mixed Red Sea water-Freshwater on number of 
plants per pot in Sorghum bicolor
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4-3-3-3  Eragrostis tef 
     Results showed that the number of plants of Eragrostis tef  decreased in all 
levels of treatments with time . In level, 3 Eragrostis plants disappeared after two 
weeks from sowing (Table 4-12 and Fig. 4-12). Statistical analysis showed highly 
significant differences (P > 0.01) between level 0 and level 3 at 7th days, 14th days 
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, but no significant difference (P ≤ 0.05) between level 0  level 1 at 14 th.day  and 
21th days. In addition, statistical analysis showed highly significant differences 
between level 0 and level 1 at 21 and 28 days.                                                     
Table (4-12) Salinity Effect of Mixed Red Seawater- Freshwater on number of 
plants per pot of Eragrostis tef   
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
16.75  16.75  18.0  18.75  18.75  20  Level 0 
4.0  6.5  6.5  15.0  15.25  15.25  Level 1  
1.25  1.5  1.75  3.5  4  5  Level 2  
0  0  0  0  3  9  Level 3  
5.500  6.187  6.562  9.312  10.250  12.312    mean 
3.430  3.248  3.525  4.590  4.320  3.717  LSD. 
0.0001 0.0001 
 
 
        
0.0001 0.0007 0.0011 0.0001 Prob  
    
Fig(4-12 ):Salinity Effect of Mixed Red Sea water-Freshwater on number 
of plants per pot of the Eragrostis tef
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4-3-3-4  Cyamopsis tetragonoloba 
Results showed that the Cyamopsis tetragonoloba plants did not tolerate salinity at 
all levels. Germination existed only with fresh water treatment (Table 4-13 and 
Fig.4-13). Table (4-13) Salinity Effect of Mixed Red Seawater- Freshwater on 
number of plants per pot of  Cyamopsis tetragonoloba    
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
8.0  8.5  8.5  8.5  8.75  8.75  Level 0 
0  0  0  0  0  0  Level 1  
0  0  0  0  0  0  Level 2  
0  0  0  0  0  0  Level 3  
8.0  8.5  8.5  8.5  8.75  8.75    mean 
0.82 1.29 1.29 1.29 1.5 1.5 SD 
 
  
Fig(4-13):Salinity Effect of Mixed Red Sea water-Freshwater on the 
number of plants per pot of Cyamopsis tetragonoloba
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4-4-3 Effect of salinity on  number of leaves  
4-4-3-1Chloris gayana 
          The result showed that Chloris gayana number of leaves increased with time 
in all levels. There was a significant difference between level 0 and level 3 
throughout the different sampling occasions. The difference in number of leaves 
per plant was no great between fresh water and the first level of salinity (table 4-14 
and Fig. 4-14) 0.01). There were many leaves at 42 th day ranging between 7.27 to 
55 as shown in Table: 4-14 and Fig4-14.                                                               
  
Table (4-14) Salinity Effect of Mixed Red Seawater- Freshwater on number of 
leaves per plant of   Chloris gayana   
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
55  52.25  51.5  45.75  43.75  42.75  Level 0 
52.0  43.75  41.5  35.0  30.75  30.25  Level 1  
27.75  20.25  20.25  17.75  13.5  13.0  Level 2  
7.25  6.75  6.25  6.25  5.5  5.5  Level 3  
35.5 30.75 29.88 26.19 23.38  22.86   mean 
0.8263  0.7573  0.7277  0.7409  0.5493  0.5985  Prob. 
42.911 36.752 36.339 31.656 28.470 29.638 LSD 
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Fig(4-14):Salinity Effect of Mixed Red Sea water-Freshwater on number 
of leaves per plant of Chloris gayana plant
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4-4-3-2 Sorghum bicolor  
      Results showed that   Sorghum bicolor number of leaves per plant increased 
through time in level 0 significantly and decreased in level 1 and level 2  but plants 
died in level 3 as shown in Table:4-15 and Fig:4-15. Statistical analysis showed 
there was no significant difference between level 0, level 1 and level 2 (P ≤ 0.05) 
except   on the 35 th day and 42 th day in level 0 and level 2. There were highly 
significant differences (P > 0.05) between level 0 and level 2 at 28days, 35days 
and 42th days.                                                                                                      
 
 
 
 
 
 
 
 
  
 
- 50 -
  
Table (4-15) Salinity Effect of Mixed Red Seawater- Freshwater on number of 
leaves per plant of   Sorghum bicolor .  
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
47.5  44.25  42.250  41.5  38.25  38.25  Level 0 
32.75  41.0  42.250  44.0  44.5  45.75  Level 1  
13.25  14.75  21.75  25.0  32.5  32.5  Level 2  
0  0  0  0  0  0  Level 3  
23.375  25.000  23.687  27.625  28.812  29.125    mean 
0.0066  0.0044  0.0512  0.0903  0.4408  0.3454  Prob. 
18.054 15.938 18.457 18.524 16.755 16.51 LSD 
  
Fig(4-15):Salinity Effect of Mixed Red Sea water-Freshwateron number of 
leves per plant of Sorghum bicolor plant
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                                                                                       4-4-3-3Eragrostis tef  
   Results showed that  Eragrostis tef  number of leaves increased with time 
significantly in level 0 and decreased in level 1 and level 2 .In Freshwater the 
number of leaves  increased but in level 1 and level 2  salinity  reduced the number 
of leaves as shown in Table:4-16 and Fig:4-16.  In level 3 the plants disappeared 
after the second count. Statistical analysis showed no significant difference 
between level 0 and level 1 (P ≤ 0.05) and there were highly significant differences 
                    between level 1 and level 2 (P > 0.05) but there were no significant         
                       differences between level 0 and level 3 on the 14th day (P > 0.05). 
    Table (4-16) Salinity Effect of Mixed Red Seawater- Freshwater on number 
of leaves per plant of   Eragrostis tef .   
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
74.75  66.75  66.75  64.75  64.75  57.5  Level 0 
22.5  37.75  40.0  52.25  55.25  60.75  Level 1  
8.5  9.25  10.25  17.5  17.5  22.75  Level 2  
0  0  0  0  7.5  25.75  Level 3  
35.250  37.916  39.000  44.833  36.250  41.687    mean 
16.612  9.154  8.807  13.464  11.210  11.447  LSD. 
0.0001 0.0001 0.0001 0.0003 0.0001 0.0001 prob 
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Fig(4-16):Salinity effect of Mixed Red Sea water-Freshwater on 
number of leves per plant Eragrostis tef
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4-4-3-4Cyamopsis tetragonoloba 
 Results showed that  Cyamopsis tetragonoloba plants is not tolerant to all levels of 
treatment except freshwater. The number of leaves per plant increased steadily 
with time in  Freshwater water treatment as shown in Table: 4-17 and Fig: 4-17.       
Table (4-17) Salinity Effect of Mixed Red Seawater- Freshwater on number of 
leaves per plant of   Cyamopsis tetragonoloba . 
42days.  35days.  28days.   21days.  14days.   7days. Treatment  
38.0  36.25  34.75  32.75  30.25  28.25  Level 0 
0  0  0  0  0  0  Level 1  
0  0  0  0  0  0  Level 2  
0  0  0  0  0  0  Level 3  
38.0  36.25  34.75  32.75  30.25  28.25    mean 
5.48 5.91 5.34 5.44 5.25 4.86 SD 
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Fig(4-17):Salinity effect of Mixed Red Sea water-Freshwater on number of 
leaves per plant of Cyamopsis tetragonoloba
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4-4-4- Effect of Irrigation on shoot/ root ratio  
   Results of shoot/root ratio of all tested crops are presented in Table 4-18. Chlois 
gayana has a shoot /root ratio ranging between 0.02 to 0.85 at all levels of 
treatments. In fresh water treatment cyamopsis tetragonoloba recorded the highest 
shoot/root ratio but disappeared when imposing the saline water treatments, 
whereas in level 1 only Chloris gayana survived.                                                   
Table 4-18 Effect of treatments on shoot/root ratio 
 
 
 
 
 
 
 
  
  
    
Cyamopsis 
tetragonoloba
Eragrostis tefSorghum 
bicolor
Chloris gayanatreatments
3.721.19 0.97085 Level 0
0.000.00 0.00   0.02Level 1  
0.000.36 1.42 0.32 Level 2
0.000.60 1.25 0.83 Level 3
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CHAPTER FIVE 
Discussion 
5.1 Germination Test Experiment  
               Results of germination of the four species in the Petri dishes using the 
different concentrations of saline water showed that Sorghum and guar seeds were 
able to germinate in all levels during the course of the experimental period. On the 
other hand,Chloris gayana and Eragrostis tef showed a complete failure to 
germination in level 3(Ec=16.57 dSm-1 ) indicating the threshold for these two 
varieties to be level  2(EC=5.54 dSm-1).This may be explained on the basis that 
different plants have  different abilities to tolerate salinity.  It is reported that 
halophytes are adapted to saline habitats by their ability to adjust somatically to 
increasing salinity levels (Flowers et al., 1977;Karimi and Unger,1984;Clipson et 
al., 1985). Chloris gayana is one of the highly tolerant crops to salinity. Most salt-
tolerant crops are highly tolerant to salinity (Bogdan, 1969). Sorghum bicolor is 
classified as a moderately tolerant crop to salinity (Maas et al., 1986), and it is 
widely grown in semi-arid areas of East Africa on soils prone to salinity. 
Sustainable genotypic differences exist among sorghum cultivars in response to 
salinity (Wiemberge et al., 1982). Sorghum bicolor, Cyamopsis tetragonoloba and 
Eragrostis tef are widely distributed throughout tropics and warm temperate areas 
of the world(Duke,1983; Tefera et al., 2003).Germination was delayed with 
increased Red Sea water from 0.4 up to the threshold value, in conformity with the 
results of Unger (1991) and El Nour et al. (2006). It is known from basic chemistry 
that the activity of solution constituents, including water, is reduced by the increase 
of ionic strength (salt concentration). It is, therefore, logical that the diffusion and 
reaction of water during seed germination will be reduced by increasing salinity, 
leading to delay of seed germination. It is evident that the seeds of these plants 
studied lack the physiological and biological strategies that make them adapt to 
further salt stress. Such strategies include the accumulation of low molecular 
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weight and osmolytes in the seeds embryo (Greenway and Munns., 1980) or stress 
proteins (Skriver and Mundy., 1990), such as late embryogenesis abundant 
proteins (LEAP). The latter are known to accumulate in the embryos at late stages 
of seeds development of different plant species (Dure., 1981).It has been shown 
that LEAP play an important role in the protection of plants against  salt-stress and 
                                                                water stress(DepingXu e al. 1996).     
5.2- Pot experiment: 
5.2.1 Effect of irrigation with saline water on number of plants / pot  
             Effect of irrigation with saline water in germination in the pot experiment 
showed that number of plant per pot dropped with increasing salinity through time. 
 Guar (Cyamopsis tetragonoloba) showed a complete failure of germination in all 
levels of salinity treatment.   Sorghum bicolor and Eragrostis tef  showed a 
complete failure to germinate in level 3(Ec=16.57 dSm-1 ).  It is worth mentioning 
here that the performance of the four species with respect to germination was 
different between the Petri dish experiment and the pot experiment. For example 
Sorghum bicolor and  Cyamopsis tetragonoloba were able to germinate in all 
levels of salinity in the Petri dish experiment whereas Guar showed a complete 
failure to germinate in pot experiment and Sorghum failed to germinate at 
Ec=16.57 dSm-1  (level 3).This could be explained on the basis that with pot 
experiment there was more saline water added to the pots due the course of the 
study compared to Petri dish experiment. This might have resulted in salts build up 
in the pots and had an adverse effect on the two species.  This fact will high light 
the importance of drainage when dealing with saline water for irrigation in order to 
achieve success using such waters for cropping.  According to this experiment, the 
number of plants per pot decreased with increasing the salinity levels.  It was 
found the forage species yield is low, drought resistance and with increasing 
salinity. This is an  agreement with (Russel,1976;Mass and Hoffman,1977;Ahmed 
and Ismail,1992;TruogaRobert, 1992; Kumer, 1998; Qureshi, and  Barrett-
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Lenard,1998), and  the Cyamopsis tetragonoloba is not   tolerant to the different     
levels of salinity.                                                                                                  
5-2.2 Effect of irrigation with saline water on growth parameters:-   
     In the four species tested, plant height and number of leaves increased with time 
in the fresh water treatment (control).However, when imposing saline water for 
irrigation, number of leaves dropped as the concentration of salt level increases and 
the plant were stunted.  This is in an agreement with the result of Bogdon (1969), 
however it disagreed with the result of Pe ´reze et al (1999).  The drop in number 
of leaves as the concentration of salt increased is expected to be due to salt 
concentration, which prohibits plant from taking up water due to high osmotic 
potential in the soil.  De luca et al., (2001) reported that as salt concentration 
increases reduction in leaf      expansion and increase in proportion of dead leaves    
                                                                    are reported.                                
5.2.3 Effect of irrigation with saline water on shoot root/ ratio  
           Shoot/root ratio results indicated that it ranged from 0.02 for level 
1(EC=3.097 dSm-1 ) to 0.85 for the control in case of Chloris gayana; between 
0.97 for the control to 1.42 in level 2 for Sorghum bicolor and between 0.36 in 
level 2 to 1.19   in the control for Eragrostis tef.  The Shoot/root ratio could be an 
indicative for drought and salt tolerance. As the root grow and expand in such 
environment, it might mean more tolerance to adverse environment; from this                     
Eragrostis tef are more tolerant to salinity than  others.              Chloris gayana and         
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COCLUSION AND RECOMMENDATIONS 
     From the results of this study it can be concluded that out of four tested species, 
three of them seems to tolerate salinity to varying degrees; namely Sorghum 
bicolor,Eragrostis tef and Chloris gayana. It is fortunate that the three species are 
important feed and food crops.  Chloris gayana and Eragrostis tef are important 
forage crops that can be included in the Red Sea area, besides, Eragrostis tef is an 
important food crop particularly in neighbouring Ethiopia and sorghum is the       
main  staple diet for most parts of the Sudan including the Red Sea area .                     
                                     The recommendations of this experiment are therefore:- 
1- Possibility of blending Rea Sea water with freshwater for irrigation of plants 
at a ratio up or exceeding 1:2.5; plants other than the ones used in this 
experiment should be investigated.                                
2. It is recommended that research in rainwater harvesting towards the Red Sea 
coast should be encouraged so that such fresh water can be mixed with 
                                                                    seawater for crop production.        
3-It is recommended that intensive cropping in the Sorghum bicolor, Chloris 
gayana and Eragrostis tef as they were tolerant to salinity.                        
4-It is recommended that Red Sea water should be viewed as a useful natural 
resource, coupled with rainwater harvesting can be helpful in producing forage 
plants and hence in combating desertification and poverty alleviation in eastern 
Sudan.                                                                                                        
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